Summary The biodistribution of radiolabelled SWAl 1, a mouse monoclonal antibody recognising the cluster w4 group antigen associated with small cell lung cancer (SCLC) was studied in patients with SCLC. Five patients were injected intravenously with approximately 5 mCi of '31I conjugated to I mg of SWA II. The half-life of the radiolabel in blood was short but there was a prolonged second phase of clearance with a half-life of about 40 h. Tumour was detected by gamma camera imaging two patients. However, most of the whole body radioactivity was located in the bone marrow. At least 35% of the radioactivity in blood 18 h after injection was bound to circulating granulocytes and this probably accounted for the unusual biodistribution of the radiolabel in man. This study shows that the biodistribution of radiolabelled SWA 11 in man differs from human tumour xenograft models and that the antibody in unsuitable for targeting therapy to SCLC in man.
Summary The biodistribution of radiolabelled SWAl 1, a mouse monoclonal antibody recognising the cluster w4 group antigen associated with small cell lung cancer (SCLC) was studied in patients with SCLC. Five patients were injected intravenously with approximately 5 mCi of '31I conjugated to I mg of SWA II. The half-life of the radiolabel in blood was short but there was a prolonged second phase of clearance with a half-life of about 40 h. Tumour was detected by gamma camera imaging two patients. However, most of the whole body radioactivity was located in the bone marrow. At least 35% of the radioactivity in blood 18 h after injection was bound to circulating granulocytes and this probably accounted for the unusual biodistribution of the radiolabel in man. This study shows that the biodistribution of radiolabelled SWA 11 in man differs from human tumour xenograft models and that the antibody in unsuitable for targeting therapy to SCLC in man.
Small cell lung cancer (SCLC) is a rapidly proliferating tumour which spreads early in the course of its growth. The tumour is extremely chemosensitive and approximately half of all patients enter a complete clinical remission after combination chemotherapy (Feld et al., 1987) . However, virtually all patients relapse due to the emergence of drug resistant disease. New therapies are needed to improve the outcome of this disease as only 3% of patients are alive at 7 years (Souhami & Law, 1990) .
One approach is to use monoclonal antitumour antibody conjugates with sufficient selectivity for tumours and a high potency to eradicate residual malignant cells. Antibody targeted radiation has already shown promise in the treatment of lymphomas and hepatocellular cancer where quite large doses of radiation have been delivered (Lenhard et al., 1985 , Press et al., 1989 . Radioimmunotherapy is likely to be most successful in patients with small tumours, as studies in animal xenograft tumours have shown that antibody uptake as a proportion of the inejcted dose is greatest in small tumours (Pedley et al., 1987) . SCLC is ideally suited to antibody targeted radiation because of its radiosensitivity and the small size of residual tumour after chemotherapy.
The antibody SWAI1 recognises a glycoprotein on the surface of SCLC tumours. The antigen belongs to the cluster w4 group defined by the International Workshops on Small Cell Lung Cancer Antigens (Souhami et al., 1988 , Souhami et al., 1991 . SWAI1 binds to some adenocarcinomas, carcinoid tumours and ductal epithelia. The antibody also binds weakly to a subpopulation of human granulocytes (Smith et al., 1989) . Radiolabelled SWAl1 has been shown to localise specifically in SCLC tumours growing as xenografts in nude mice and intravenous injections of therapeutic doses of 131I SWAl1 have eradicated SCLC xenografts in mice , Smith et al., 1989 . SWA 11 has also shown promise as an immunotoxin (Wawrzynczak et al., 1991) . These results provide a rationale for clinical studies to investigate whether radiolabelled SWAI1 localises in SCLC tumours.
Methods
Antibody SWAI1, a mouse IgG2a monoclonal antibody was produced as previously described (Smith et al., 1989 (Operation manual, 1986) . One milligram of antibody was conjugated to approximately 5 mCi of "'1I using chloramine T. Over 90% of the radioactivity was incorporated into protein and a cell binding assay using a human SCLC cell line, UCH1O showed that there was preservation of antigen binding after radiolabelling. Gel chromatography (sephadex S200) showed that the radiolabelled antibody was free of aggregates.
Administration
Oral potassium iodide, and potassium perchlorate were given to block uptake of radioactivity in the thyroid gland. An intradermal injection of 2 to 4 fig of radiolabelled antibody was given to test for hypersensitivity before 31I SWAl 1 was injected intravenously over 5 min.
Venous blood samples were drawn immediately following injection from the contralateral arm, and at 24, 48 and 72 h after injection. Whole blood radioactivity was counted in a gamma counter. Anterior and posterior whole body images of patients were acquired at 24, 48 and 72 h or 96 h after injection of the radiolabelled antibody using an IGE Starcam gamma camera fitted with a high energy collimator.
Results

Patients
Radiolabelled antibody was given to five patients with newly diagnosed (2), relapsed (1) or persistent (2) small cell lung cancer. All had tumour in the lung, one had a brain metastasis, and one-had a subcutaneous deposit and metastases in the liver and bone. None of the patients had a positive skin reaction to a test dose of antibody or side effects following the injection of the radioimmunoconjugate. There was no evidence of haematological or biochemical toxicity following administration of radiolabelled antibody.
Plasma clearance
The blood clearance of radioactivity was remarkably constant in all five patients (Figure 1 ). There was a rapid clearance of radiolabel during the first 20 to 24 h. By 25 h the blood radioactivity fell to one quarter or less of the initial 48 h the radiolabel had cleared from the circulation and there was intense activity in the spine, pelvic bones and spleen. The primary tumour in the left lung was clearly visible. However, a large metastasis in the left cerebral hemisphere was not seen. In this patient the radioactivity uptake ratio was 1.8 for tumour to normal lung and 1.4 for tumour to heart 48 h after injection of 13'I SWA1 1. The uptake of radioactivity in the tissues as a percentage of the total body radioactivity is shown in Table I . The maximum uptake of radioactivity in the tumour was 3.75% of the total body activity 72 h after injection of the antibody. However, 43.1% of the whole body activity was in the bone marrow. A preparation of leucocytes, 92% of which were neutrophils, was made from this patient 18 h after injection of radiolabelled antibody. At least 35% of the radioactivity was associated with granulocytes. This is likely to be an underestimate of the radioactivity as not all leucocytes are separated from red cells duirng the preparation of leucocytes.
In another patient the gamma camera images showed a known soft tissue mass overlying the left scapula. This area contained more radioactivity than the neighbouring lung but less than the radioactivity in the liver and spleen. A 'Tc methylene diphosphonate bone scan showed accumulation of tracer in the soft tissue deposit, suggesting that in this case localisation of radiolabelled antibody was nonspecific.
Discussion
The biodistribution of radioactivity following intravenous injection of 13'I SWA 11 was similar in all patients. The estimated blood half-life of "'lI SWAI during the first 24 h was between 9 and 12 h, about half the value generally observed following intravenous injection of intact murine antibody in man. The antibody was not aggregated and it is likely that the rapid removal of radiolabel from the circulation were due to its uptake by the bone marrow and spleen which was seen on the early gamma camera images. A study of the distribution of radioactivity in the blood of one patient showed that a high proportion of radioactivity was associated with granulocytes. It is likely that antibody localised in areas rich in granulocytes and their precursors and that the small amount of residual radiolabel bound to circulating granulocytes accounted for the prolonged second half-life of the radiolabel in blood.
Preclinical studies demonstrated that SWA 11 bound to granulocytes, but with a much lower affinity than to SCLC cells (Smith et al., 1989) . We proceeded with a clinical study as it was unclear whether the interaction of SWAl1 with granulocytes would impair tumour targeting in man, and because of the encouraging results of therapy with "3'I SWAl1 in animals . Since starting the clinical studies the gene for the cluster w4 antigen has been cloned and it has been shown to be almost identical to the CD24 molecule expressed on human granulocytes (Jackson et al., 1992) .
The disparity between the results of the distribution of radiolabelled SWA 11 in man and mice illustrates some of the limitations of xenograft studies. We suggest that in future simple investigations in animals should be followed by a clinical study, having first excluded any interaction of the antitumour antibody with blood cells and tissue that it likely 1000 . 100 ' -10 to be accessible to antibody in vivo. Guidelines for preparing potential antitumour antibodies in patients have been clearly defined (Operation Manual, 1986 ) and a method of rapid clinical screening to investigate putative antitumour antibodies is quite simple to establish.
Large quantities of the cluster w4 antigen are found in SCLC cells but the granulocyte mass is much greater than that of the tumour. Therefore, despite a lower affinity of SWA 11 for granulocytes the antibody is not useful for targeted therapy of SCLC. However, the high concentration of radioactivity in areas rich in white cells suggests that SWAII might have a useful role in localising sites of infection in patients with unexplained fever.
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